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USING SAME, AND SEMICONDUCTOR DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To perform a pattern 
formation exceeding the wavelength limit in fining of a 
separating pattern or hole pattern by using a fine pattern 
forming material which mainly contains a water-soluble 
resin, a mixture of water-soluble resins, or a copolymer 
of water-soluble resins, and causes a crosslinking 
reaction in the presence of acid. 

SOLUTION: A fine pattern forming material which mainly 
contains one water-soluble resin, a mixture of two or 
more of water-soluble resins, or a copolymer of two or 
more of water-soluble resins, and causes a crosslinking 
reaction in the presence of acid is used. In the 
manufacture of a semiconductor device, a resist pattern 
1a containing a material generating acid by exposure is 
covered with a resist 2 containing a material crosslinked 
in the presence of acid. The acid is generated in the 
resist pattern 1a by heating or exposure, and a 
crosslinked layer 4 generated on the interface is formed 
as the covering layer of the resist pattern 1a to thicken 



the resist pattern 1a. Thus, the resist hole diameter and the separating width can be reduced. 
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(7 o ~ i o o "ct i ftm&omm &mltc&. h 

*#tfVX^^fflV>^g^-rS (08T'tt«BSLTl^ 
5).i8 (b) ttCSLTfgjSSftfcStlOU'^Xh so 

1 ©*mi: ITttx fy&<9Jgtg 1 -em® bfcfe<0A^5cd 

So 

[0 0 5 5] £.glCjSD, P E B (10-13 

ot) -eg&t&iiu is-?xb <o&ig&*fa±intrc&, 

TMAH (7 L h5^f-;V7>*^'>i»-'^ Ka^tM' 
K) ©*?I2.0%#i?7(<T§^fflV>T^-r5„ C<9^ 40 
*S U 4?X h x^n 5%'ilot£-g&£> 

^fc&gfc^-rs&MtffcSo £U:tt. 

XM l £fflv->5£<,^££gijtftt{f, yn-trxhb 

Ttt, Se3fe<D^Xhyn-feXk:<k5l'v ? Xh/^^-V 

^figt^T'^So 

[0 0 5 6] #fC0 8 (b) <D^#->^fig& N 08 

(c) ICTEtZol^ ¥*#S«3±fc, 
0&t§i-*3§igtetm*±fi£#£ U « 1 <01^>*X h 1 

i *®mLti^mmc&frztitcWiz<Disi;?. m 2* » 



^■TSo CCT-fflV>^§f2«0l^^Xh 1 2£D*m*3<fc 

if^<ojg«t±. $m(D&m 1 r-a^fc *> © t mm® t © 

^*</ca6*te-r^o o Sf2C5l^->*XM 2£D^ 

[0 0 5 7] <fc£08 (d) k:^-r<fc5fc, 
3^mm (60—13 0*0 Lv Sl<Dl/i?XMi! 
->1 1 at#SnsS¥OK14i!%RA^©iStD«*gfc 
iOv ff2©l^Xh 1 2£>MI 1 ©l^Xh/*£— >1 
1 afc<D|?ffiJfi^T*Sg«S^fi<l?-e-^o CtxtCt 
»K JBlOUS?Xh^*->l 1 a^&BfSJ^lca? 

«tEft&sc vrcmmm 1 4 #si2«>i^x n 2 * t 
j£/£2n3o 

[0 0 5 8] ^fc, 08 (f) £jjrr<fc'5k:. 
tt. TMAHf<0Sfi5ffl^T«2©l/->*XH 2C3 
^LTl^£^gI5#*31&fSJjgt-So iX±<D5aatt«fc 

>«05MS1@*Jg/hUftU^x >, fe$vttx 21 

[00 5 9] W±OA3fc, CO*»©JBIB2fc48»* 
gl 1 tOUi^X Mitt, S3tt <fcoTg^&fg£S-&S& 
Bfl4R<. US?XhMi 1 SWcK«$Cr <fc ^KI8S« 

•t^JcLTV'So COMIlcoix^Xh 1 lfc#$-B:S^ 
[0 0 6 0] Sfc, cowiiMIUi'xh/W-y*, 

*m#mt±icffl®isift&x'<— x^sv^tta)m«:*- 

T'feSo 

[0 0 6 1] mm<D1&m3. 09tt, CflD^WOSyBO 
•5fcJ6oyn-feX7D— 0-efe5o ilSt/i9^#I 

[0 0 6 2] 5fe-T, 09 (a) {C^-r<fc3tv 
S3tC, Sll<DU5?Xh2 l^a^J-TSo SIKDU^X 
h 2 1 IC^'M- ^ (70-100 *CT* 1 ^S*tD|^5a 

a) ^ssLfc^ m 1 cdi^-^x h 2 1 ©sft&gkijsc 

1 O^/^^-V^tJVX^^rfflV^TS^S^-r-S 
(09T*tt0^^l3§LTV5) o CCTfflVSMI 1 «D 
b^X J- 2 1 LTtt, USSO^ 1 T-gttSIl Lfc 

feto^jaicffl^^n^o ^©i¥a=5:SiB^tt. 
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[0 0 6 3] iBHfcjSfcT, PEB (10-13 

0°O UMlll/^X h«S[pJ±?^/c^ TM 
AH(f h7^f^7>^-«)W Kn^iM K)<D 

mz.o^wkmwzm^m&ir & c 09 (b) ^ c 

3LTJg/S*nfcSl©U^Xh©/<*-- >2 1 

yptX^LT^ t£*<Db^Xh:/n^xtcJ;&l^ 10 

[0 0 6 4] 09 (b) V«J«a. 09 

(c) ic^iTi:?^ *iMi3^K14iS«Tggffl 

OH^O«tt?*«Sfc«±«tt3ffXtt. #«88L MSB*© 

[0 0 6 5] 09 (e) fc^f <fc 5 Si© 

U « 1 (DU^x h 2 1 
&v^JS»Jfc:}S*^nfe»2 0lx^xh 2 2*a*"TS 0 
c c w^«2 © i^x h 2 2 ©wftfc £ tf*o?s»E 

3o S2 0l/^Xh2 2<Dim laBJCrtJC, 30 

[0 0 6 6] 3Mc. 09 (f) ic^riiii:, 

«3*awfis (6o~i 3ot) it, jb*k<— **fj 

V\ ^ 1 GQL^Xh;^— >2 1 a fr€> 
S2cOU>?Xb2 2C0S1 ©l/^Xh^-y2 1 a£ 

Lfc^I 4 2 i0 l/^X h 2 2^icBj£-£ft 40 

So 

[0 0 6 7] JMc, 09 (g) ^-Tcfc-Mc, **fc 
tt. TM A H^HIffi%ffl^T^ 2 OL/^X h 2 2 (7) 

>©#««8:tt/h Iftl/^Xh/^- £ c wr 

[0 0 6 8] &±<9£?tC x dOSISBOJg«3fc<tn 
Ig^^g^W, SlO^XW-y2 1 a±tc 50 
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Jg2©l^X h 2 2 ^fiScM-r^tutc. ttttftftXttfttt 
[0 0 6 9] Sft. CO*5fcbTJBj«LftaMBiM(|U 

^x^fcit, ¥si#s<g±tcaaB«:»aix^-xs 

[0 0 7 0] 

*SStWi. sioi/^xhfcur. y*5y*«iit 

Tc i «l^X h*/BV\ U^X h/*$r— >&&&ls1t 0 
S-T, MfEl^Xh£\ S i ^x/^itlTs isKE^ 

h*0»**3K«S*T»10U^Xh*«J»Bl. 0 

«3W6«*fflV\ l)t7X * h LT. 0 1 £^*T J: 5 * 
VX**ffll,vC. SlO^XhW*lfto 1 
2 0^/7 0»-ePEB«UI«ffV\ RV^T. 

GilMJSfbXHagk NMD 3) *ffl^T3R»* 

m\ 01 o^-r^a^ai^x^feoix^xhA 

[0 0 7 1] %|fl2. SlOl/^hkbT, 

xh^^-y^MUco £f\ tWBl^Xh*, s i 

ftSi^fiaiLfto ^tc. 8 5t/7 0g>T^'M- 
**(tV\ U^Xh4>©»Ji«:«aftS«feo «V>T. i 
»J«I)^gI^ffll\ 0 1 »c^j:3&vx^* 
fflV^T. Bje*frofeo -kK, 120t/7 0#TPE 

H. NMD 3) *fflV^TS«*ffV\ 01 0^*r<t^ 

[0 0 7 2] HfliH3. SlOl/^XhtUs 

LTJL»x^;l/fc**y^O«*»«l«fflV^ft i mis 

KJWSM. 0 /imt^Scfc^tc^MLfco 100 
*C/9Q»T7V'*—ir*ff\,\ l/^Xb^iSi%g 
ii^^rfco ^V^T, -rJ>?±KX^^/^-^rffll/>T. 0 
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1 i o"c/6og>-ePEBjeyi*fTV\ m^T. rtvij 
vmmm. cm«js{fctt§sk nmd3) *m^-zm»*ff 

coo 7 3] mmm4. nc^xt-fctT, jgmis 

/**->£Jgj£L7c 0 S-f. tuffi^Xh^r, S i «7:r 
/n— ±£S~R |51^flik:<t»)SW&0. 8/imfc&5 
*3KU5g^bfCo ^fc, 9 0t/9 OftV/V'*—?* 
fTV\ ^Xh*<Drg^*^^/co SSV^T, KrF 
^S'VjS/hgJggftSBfcia^T. a l icjjrrJ: 5 & 
VX?Srf8V>T. S3t^foft:o 1 0 0t/9 0 

S>T'P E BMUfctf V\ gtV^T. T)Vi3 U (M 
(Sfb&Sk NMD— W) «ffl^T$ft£fTt\ 

COO 7 4] Hfi£#l5. f KO^XhfctT, t-B 

6Wfl3«tttlOft*ie!l/J?Xb (MELKER, 
J. Vac. Sci. Technol. , Bll (6) 

2 7 7 3. 1 993) *fflV\ US^X h><*— yfcjgj* 
Lfc. St\ WEl/fXh*, S 1 ^xa- ±KjST. 
mfcAncJ:&MJP£iO. 5 2,imt*S<J:^£^)KL 
fc. 1 2 0*0/1 8 0©T^— ^*ffv\ 

mSB&ltJSfcbT, IfttltlllxX'Wf-E S P - 
1 OO^filfcLTIartE^ftbfc^ 80t/120g> 
T?^-*«ffofc. EBJfHgflrafflWC* 1 

7. 4 /iC/cm 2 T?if®*ffS:r3fco 8 0t/ 

1 2 0#T-PEB^rffo/c£D^. tt**J8^T»Vt»il: 
■SMB. ^TTMAH7;WUI»SS (3C5((Sft:?± 
fiNMD-W) *ffl^T^Xh;^- ^coSBfcfro 
/£„ 01 2 tC^-T <fc -5 #10. 2fimCDE 

B US>* >*»fc 0 

COO 7 51 *IC, JB2©US;xh«8lcH-r**aM« 
'6~13KO^Tffifflt5„ 

^l&M6. ^2CDl^Xh*mtLT. 1L^X77X 

Xl/'V ^KW3fe<fcrjKW 1 CO 2 Ow t : Zft 

^til 0 0 glcfcE* : 4 0 0 g*im?L^ SiST6^ia88 
l*B&U *Uex;l/7-b^-;V«flgKW3, KW 1 © 

5 w t %*B££?*v?nafe. 

COO 7 6] %B0g7. JB2 0l/S?Xh«»fcLT, ft 

tt&ttSL i^QXWS 5 0 0). X^-l^>-»7kv 
W^BftB^f* (ARCOchemical ttS, S 
MAI 0 0 0, 1 4 4 0 H) fcJBl^T, 6 1*381 

LT, flxftlO 5 w t %*!gft«ftfe. 
COO 7 7] f£fi&0d8. S20l/^7hMSi:tT, 1 

'< (=»-9-W-7"5 KttSs ^^;l/3 7 0) : 1 0 0 g t 
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3567k:7 80g. I PA : 4 0 g*Sig£T6B#BgjJB¥ 
B*U &1 Owt %CD*^n-/l/;/^5>'*ig}££S 

/"Co 

COO 7 8] &ftM9. l2 0l/i/*Xh#8fctT, 1 

3-i/x.3-\s^mM : I00g> (N-* h^s/^^-;!/) 
tKa^^xf^Si: lOOg, N-* h+Soi* 1 
/1/KB : 100 gfpt, *ft«T., *Efok : 8 6 0 g, I 
PA : 4 0g*gaiCT6ttm&tt86U 
10 gjl 0 w t %OX9 L U>^**SjS^»7Co 

CO 0 7 9] ft&Hl 0. *20l/^httBkl/T, 

fft8&0» 6 r-»fc^ y e =>wr -t *-/vco k w 3 jmm. • 

1 6 0gt, -0mms-Z%Tc* h^->^^n-;l/^^5 
: 2 0 g. ilfeK : 2 0 g $Ii37 6 mfflk&m 

CO 0 8 0] ftffittl 1. iZO^Xh^tL^ 
#tS6W6T?»fc#y toV7t^- ;KDKW37kiS?£ : 
1 60gh HSS0O9T*»7c (N-* h*s/**-;M 

20 ^;l/) tFnmfWSI: 2 0g. h+-> 
tT-f^mm : 2 0 g *tc % ' ^tl^tu *6* : 20g^I 

[008 1] *iWl2. JS20Ui?Xhtt»i:LT, 
6 7»»fc4? — ;Vco k W 3 : 

160gt, f«SH9"T?»fc* h*S/x^-U>SJfoiciS 
(S'OlOg, 20g. 30g tWk ■■ 2 0 gZZtl^tl 
tt»F76WH»Lft. ^©^S, #UK=>UT-b 

so >K^0DigS*\ lwt«, 20wt%. 27wt 

co 0 8 2] nmrni 3. ^zcou^^htvr. mm 

m 6 T-#fc 5 w t %co4? y if x/i/T'-fe *— ;P»fli7ki§JS 
CD 1 0 0 g fc, ^fifiW 7 ^#fe7lciStt«lWSa[03 -5, 
5p 'J 5 w t 0 g , 3 

5. 3 g . 72. 2 g ^L, ^iaTf. 6m?smn 
§pLt, #y if_;i/7-fe?- ;vs*aifc^y ir^7;v 

3-/WSflg(Dg^ltc0S^5 3@acoil^?g^fc„ 
CO 0 8 3] ^C. {»DU^X h'<£— >»J«©SlflSW 
40 1 4-2 2 t^tiMf§ 0 

^>*Xh*f«*, jgTU xe^n-hLfc^ 85t 
/7 0#Tyy^-^^SV^ ^2CDlxv?Xh^^fig 
Ift. St, 12 0t/9 0#T*5^-»^-i' (M 

X-««*fTV\ ^flB«B*^®fJJglL, i<9 0t/9 

/<*->±ta2©l/S?Xh*<WB*««U El 31C 
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©US>Xh^*->1MX*»eLfc. c^S^gl 

[0 0 8 4] 5. HSSCT2T*»rc^lOb> ? X 

ft feKW 1 OHM(»K«|R20l/^ UtfSfc LTI 
TU Xfc^n-hLfcfc, 8 5t/7 0©Tyy^- 

1 5 0t/9 0#T^^>y^^ (MB) «fT 

?tv\ #ftm*nmwiu a^n i ot/9o# 

TtfXh^-^ffSCfcfclcfctK 01 3le^Lfc£><D 
fco COi^ MB^-*ttfc£ffiWfc*fr3cfcfc:J: 

coo 8 5] ^nem 6. $zmm2Tmrcmi(DUzsx 

h/^—VjWftSSnfcS i9x/\— ±lc* l l 

10 5t/9 0^ 1 15t/9 0#, 125t/90 
»<DHlg(D^ttT^*>'>^-^ (MB) «t?tV\ 

Xm*9HMMU «^T90t/90»T*XH 
— ^%f? SCfcJcfcD, 01 6fc^f <fc-5fc:. 1 (7)1/ 

S*lffi£LT, S*^:/^—* (MB) ^Sfi^r^x. 
ffi#J2T^f£L/c0. 4 /imf>TX©t>-;W^- ><7) 



[00863 mmmi 7. jami3 , mft*iouyx 
»rc#ye-;i/7'-b*-;i/*»*. ^ffl«ii 2-emtt* 

»8txf 1/ >SXoatt^Aft S 2 <D 1/ 

10 ^XhtLTfflV^o S2 0L/^Xh^S:»TU X 
¥>^—hLfc'&, 8 5t/7 0»t»yy^— *£fr 
V\ »20l/^H*««Lft 0 6 5V70 

»+ 1 0 0 1/9 0W3*S/^-* (MB)-*fr 

V\ #ag«»*S«iW«IL. ^T9 0t/9 0#r^ 
Xh^^T^C^tC^Ds 0 1 3fc:^Lfct>©fcH 

Si^^xh/^- >±rc^2ou> ? xh§gffi 

/Co <r<£*£JH£:01 8 ^—://Wc^cr o H 
<7>rtS&, 0 1 8^^-rj;-5^^/h^nT*5 0. ^<DSi 

30 [008 7] uss^y i 8. mm&i3T*mrcm 1 ou^x 

»fc#yifr:;l/Z-fe*-;P*jS», USSCT 1 lTifc# 

(N-^ tKn+^xfl/yii, N- 

^ h^^^^;U^co^^^S2^l/> ? xh^bT 

8 5t/7 0©T*yy-<~^^TV\ ^200^ 
XhM*Jgj«Lfco 6 5t/7 0#+10 0t/ 

40 9 0#T = ^»^-^ (MB) *ItV\ 

fmML, Wt^T9 Ot/9 O^T^Xh^-^^f o 
CtlC^Os 01 3tc5fxb/cfe^^fW]^^ N ^ 1 (DV>is 

xh/**-:/t^X*WjeLfco L^1^0i9iOf 
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co o 8 si mmm i 9 . mmm a T*»fcsg i © w-^x 

h*->x?- u>mmm&7)<®mzm 2 © l-^x h t lt 
rd&. 8 5t:/7 og>-ey';^-^^v\ ^201^ 10 

XMg*Jgj£Lfc 0 &tc, ffi;£©i£filCT9 0g><D5* 
(MB) £??V\ 3?<SSJS*ffofco 3fc 

m^-z 9 0 x,/ 9 0 x h v *n o c t k <k 

-V±fcfg2©US>Xh3g|gJl*J&£L/c: 0 01 3 £75 

t> *m&$mm<Dmt. ra6s*i:*SE*.T, imm 
i&fmoi'Vxhrtz-^y'fXzfflfevrc* cogs 

LfdftO. 3/imOWXF;^->WXti, 02 0 

iCTT.-rxoicffi'b-zti-cis'). Tk&mgmmm, rasa 

Sfc*»)II^Sfte.n«. ecocide., ftSWcfc!) 
S!«:^-r5{k¥iii|iSU'i 7 Xh^V^c^tcfe, ?g 

co 0 8 9] HBSSCJ2 0. mmmst'mz.'mivii'Vx 
v * vx.* is>mmm-&7}<®m*m 2 © i^x v t lt 

fcm, 8 5^/7 0f3>-eyU^-f^tfV\ Sg2(DU^ 
XHS»«Lft. 10 5, 11 5"C/9 0#T- 

= (MB) fcfxV\ SgJgKJS^frofco 

U ^V^T9 0'C/9 0li>T-^Xb^-^^'5Ci:lC 
<fctK 01 3tC^-r<t^t. SlOb^XF/^-y± 
fcSg 2 ©l^X h§S«Jl£J{5fiStLfc: 0 0 1 3 »C?v-rS 2 
©l^Xh^*->©*-/l/g*aftJiffii:LT, zki^ 40 

<9-r-7;Wcj]rr. *fiSW5T«Lfc^ 
0. 2 /im^-fX<01/J ? Xh/^->©t'('Xti, 02 

MBiSM[©Sv^tcd;»)M*^i6e»n5o 
C©Cfcfr6>. t-Bo cffc#!> kKn+i/Xfl/Vfc 
g^£SJfr£itfiE^3{fc¥ii*l§«<9E B I'i/'X 

©fMfflltf W^T-feS C t: fc>fr 5„ so 
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CO 0 9 01 fyi0D 2 1 . *Sf60!l 2 T-#rc^ 1 <D W*X 

MftfStt, SOitC/cm^MltLfcio H«lfi8 
1 1 fctfU ifx;l/7**-;l/SHi*&&fc*&ttas 
*g&JT?&£;< h+->x^u>^jg?g^7krg^S2<0^ 
>?Xhf:UT, *^£M&L/cSfIl<DUyXh<'<*- 

U Xtr^3-h*?fV\ gfrvC, 8 5-C/7 0fJ>T*^ 

y-*-**fTV\ i2oi/^xhi^MLft. ?e. 

1 2 Ot/9 0g>T'5*i'y^-i' (MB) 
t\ 3g«KJS£frofCo Attic. fcfakSrfflt^Tii^fT 
l\ mHMreMM0IU tt< 1 1 0t/7 0tT^ 
XK-^ff5cfcli:<J:t)> 0 1 3 C^Lfcfe<D£f^ 
Sgi©l^xw<*->±Cg&WKSg2cDl^ 
X h?g<g§t*J&£LfCo 0 1 3»c^-TS2CD^>*Xh^ 

->-9-^X"^ffl^L/co C©mi2 2©r-7;1/K 
jjrr. ^©^m> HfiSe9 2T-«figLrc^O. 4/imOl/ 

Tf±, 02 2^-r.taSS/J^tXTfct), g«?W»C«^ 

v'x h ^^-v^^m. aswicA^sjaiw* c 
v>/=«>, s*?w*i^^xh/^->©-9--rx^j?i!^pi^ 

CO 0 9 1] HSSW12 2. 1158^2^^ 1 CDl^X 

u 02 3ic^-r<t?^i©U'i ? xh>'^->^fie 

Lfc„ ^1C, ^fig^I 1 2T#ftg2©l/'>*Xbtt^ 
»TL, XkTvn-hLfctt. 8 5t/7 0g>7^'M 
-->%'n-ofc'&. 1 0 5t/9 0#T*5^v->^-^ 

KPfcbT. *^©jn,a^SS5^02 3fC^Lfc§l 
1^002 4 (a) i:tfc6?LT, *%W^JiraLfc^ 

^ictt, 024 (b) . (c) ic^-r^a^sifi*^ 

COO 9 2] 
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[0 i ] c<D5£w<Dmm<D&n i ^u^x h^^-v 

*mmt tz. it <oxm y n — a> 

[04] ccD^mcommomm i oi/^ > 
jBri^ifr&Bajrr s tcn>(oxmy p— Ho 
[ss] c<Dfm<DnM<omm i <di^x 

[06] £<D$£ffl<Dmm<D&M 1 ©U^ h^£-> 

[07] c <D5m<Dm&<Dj&m i o u^x h > 

[08] C (D5£ffl(DmM(DBm 2 0U^h;^> 
[09] CO%KOHSgCDJg^3^l^^X h/^-^ 
[010] CO^tDHSSe»JK 2Rtf3l£fe»5g 

[0in c©awo*as«4 ice^SlR 1 OI^X 
[012] coawoS6SW«5*c:43»**i<ou^x 
[013] C O^IOlli i 4 iClolfZm 2 <D Uis 
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10 



[014] (lOSMBOSIftM 1 4 lc:fctf£zk@tt^fli 

commit tz&mmBtft&cDUi/x h^-vi^x*^ 



[015] C<D%W<D^S60g 1 5lCfe»*«JtO#*| 
[016] CORWOSQfcflll 6lZ*5tfZ>m2(Dlsi? 

xh;^-y 

[017] c^woggsswi 6ic:fctts^4^»^ 

^- * zgg 1 3gffim&f£&(D I^x V^Z—y^^X* 

[018] COSWO^SS 1 7 fcfctt 



[019] £058^0^860! 1 8»C*WS7k}$ttttS 

0o 

[02 0] CtORWOSBIiffS 1 9»Cfe»**»tt3tm 

h/^-v^-rx^-T0o 

[021] c (D^mcommm 2 o fc&*t**»tt*m 

0o 

[022] C^O^ffii 2 1 iCfcttSm^HSUSS* 

0o 

[02 3] C®fSB<0|iaSW2 2fcH3tt*S2<0U$? 
[02 4] C(DSIWO|ISS0!I2 2*ilfettST»lEftl» 
[ft^tKUi] 

1, 11, 21 Sl^l/^Xh, la, 2a, 3a 
KDl^Xh^*— > N 2, 12, 2 2 S20 
US^XK 2 a. 12 a, 22a ^201/^Xb;^ 

3 , 4, 1 

4, 2 4 2£8§B 0 
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